Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



lieport of J. J. WiUiams, Chi^ Engineer, 
upon the location of thft 

TEHUANTEPEC RAILWAY 

and Carriage Road across the Isthmus 

of Tehuantepee, with the Map ami 

Profiles as approved hy the 

V-T^ Oovemment of Mexico, 

Jnhj 1st, 1870, 




AND 
Bis Report on. the .subject of a 

SHIP CANAL 

Aorms the IstJmms of Tehiianiepec, 

to unite the Mlantic mid 

Pacific Oceans. 

1870. 






'^~:: * * . ^. ^ j»^*i * •- — •.- , 



r2L.T2^ 




725338 

Report of J. J. WUUajns, Chief Engineer, 
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Isthmus of Tehuantepec. With the 

Map and Profiles as approved hy . 

the Government of Mexico, 

July 1st, 1870. 



ENGINEER'S OFFICE, 
TEHUANTEPEC RAILWAY COMPANY, 
1*74 Chambers St. 

New York, August 22d, 1870. 
Simon Stevens, Esq., President. 

Sir : In compliance with your instructions, and with maps, 
plans, profiles and other important documents, I left New York on 
the 14th of last April for the city of Mexico, where I arrived on 
the 2d of May. After having made the necessary preliminary ar- 
rangements with the Minister of Fomento, I proceeded, to the Isthmus 
of Tehuantepec, in company with Col. Eduardo Garay, the Engineer 
and Commissioner representing the Mexican government, for the pur- 
pose of establishing the location of the line of the Tehuantepec Rail- 
way. 

For a better understanding of the subject, I will first give a descrip- 
tion of the route : 

Leaving Minatitlan, the proposed head of present ship navigation, 
twenty miles up the Goatzacoalcos River from the Gulf, the line takes 
the slope of the ridge north of that village and passes just south of 
Cosuliacaque, thence just south of Tesistepec, following, with but slight 
variation, and for the purpose of correct alignment, the line of over- 
flow, thence curving to the south and east of Lake Otiapa, thence curv- 
ing southerly to the eastward of the hacienda of Almagro, thence 
nearly s raight to within one mile west, of Mount Encantada, thence 
curving westwardly and direct to the crossing of the Jaltepeo River, 
about five miles west of Suchil, known as Hargousana. For this divis- 
ion of the road the line is quite direct, the curves of easy radius, and 
the grades gentle. 

The principle governing in this location being to preserve the 
grade from about three to five feet above the level of extreme over- 
flow and at the foot of the slope of the high land which constitutes the- 
dividing ridge between the waters of the San Juan and Goatzacoalcos 
Rivers, and following this line, to preserve tjie shortest practicable route, 
to the crossing of the Jaltepec. At Hargousana the Jaltepec is crossed 



. \ 



IIIMjMMIMhlll ^fllllBlt I - •"""• 



at the level of one hundred and ten feet above high tide, at Ventosa. 
The line from thence south follows a depression in the ridge and rises 
for one and one-half miles at tlie rate of sixty feet to the mile to the 
gnmmit. which divides the waters of the Jaltcpec from those of the 
Jumuapa River. This summit is just south of the Picadura to Suchil, 
and is two hundred and ninety feet above high tide nt Ventosa.* The 
line thence running southerly descends for eight miles, crossing several 
branches of the Jumuapa until it reaches the latter at Paso de la 
Pnerta, with no grade exceeding sixty feet to the mile. Crossing the 
river at this place at a height of one hundred and fifty-five feet above 
tide, the line then follows a branch of the Jumuapa. which lies in the 
direction of the route to the summit between the valleys of the Jumuapa 
and the Sarabia, a distance of six miles, two miles of which is at the 
rate of sixty feet to the mile, with a total rise in that distance of one 
buudre'l and ninety-five feet. From this summit the line continues di- 
rect to the Sarabia River, a distance of four miles, over a gently un- 
dulating profile, and crossing the latter river at a height above tide of 
three hundred and five feet, or a fall of but forty -seven feet in four 
miles, curves to the eastward and following a branch of the 3arabia for 
two miles, with a rise of twenty feet per mile, re tches tlie summit be- 
tween the Sarabia and the Malatengo Rivers, at a height above tide of 
three hundred and forty feet, thence following a tributary of the Mala- 
UiuiTi} over a gently descending grade, (Arroyo de los Venados, about 
two miles soutli of Boca del Monte), it crosses the latter river about two 
hundred and eighty feet above tide, and near its junction with the Rio 
AlmaJoyo, and skirting the base of the upland between the two rivers, 
take4 the valh-y of tlie Rio Almaloyo, which it follows to the plains of 
ChiveKi, a distance of twenty-four miles, rising in that distance four 
hundred and ten feet, or a mean rise of seventeen feet per mile, with no 
grade of over fifty feet per mile. Still following a branch of the Alma- 
loyo, it crosses the Chivela plains and enters the Pass of Chivela at a 
heiglit of seven hundred and seventy-three feet above tide, or a rise of 
eighty;three feet in four and one-half miles. This is the extreme 
height of the grade at the summit pass which divides the waters which 
flow into the Pacific from those which flow into t'^e Atlantic. From 
the summit of the Pass of Chivela for a distance of three and one-half 
miles the line descends a tributary of the Rio Verde on a grade of one 
hundred and sixteen feet per mile to the crossing of the Guichilona, 
thence by the valley of the Rio Verde three and one-half miles, on 
grades not exceeding fifty-three feet per mile, to Rancho de hi Martar, 
at the base of the mountains on the Pacific plains. This point is two 
hundred and forty feet above high tide at Ventosa. ,The total distance 
from Minatitlan to Salina Cruz by this location is one hundred sixty- 
two and one-half miles, which is composed of sixty-two miles on the 
Atlantic plains, sixty-six miles through the mountain division, and 
thirty-four miles over the plains of the Pacific. 

The maximum grade is sixty-three feet per mile excepting the 
grade through Chivela pass, which, adcending toward the Gulf, is 116 
feet per mile, but only for a distance of three and one-half miles, 
and in operating the road a pushing engine will be required to be 
used in assisting heavy northern bound trains over the summit. This 
should not be considered a very unfavorable feature in the route from 
the fact that on one of the <;reatest thoroughf tres in the United 
States — the Baltimore and Ohio — the same grade was adopted in 
crossing the Alleghanies for a distance of sixteen miles. 

The niaxinmm curvature is 7" or a radius of 819 feet, and this is 
only used in the pass of Chivela. 

In estimating the cost of the Tehuantepec Railway, I have before 
me the report of General Barnard containing my original estimates, 
aud also the reports of the Chiefs of parties under General Sidell. 



* When reference is made to Iiigh tide, it means Iiigh tide at Ventosa. 
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With these I am sble to make yon the following approximate eEtlmaCo 
of tiie oast of construotion. 

., .._ ... .'iage road between Minatitlan and 

the Jaltapec River faa.OOO CO 

Auxiliarj road fpom the Jaltepec to Salina Craz. 41,000 OO 

Clearing, ^rubbiug. graduntinn, mtisutirj, and bridging 

— Minatitlun to the Jultepcc 1,200,000 00 

Do. do Jaltepec to Soiina Cruz 4,120,(]00 00 

Snperalracture — Minatitlan to Salina Cmz 1,211,922 28 

Stations, buililingB, and water fixtures 2111,000 UO 

Engines and tare 332,160 00 

Engin««ring and contingenoea, 1 per cent 720,000 00 

Total oost $7,968,072 28 

Or say in round nambera {8,000,(^00. 

This 18 the maiimuni cost, but during the oonatniction of the road, 
in working up the location, and in the modiSi^tion of the grades, tnn- 
ganta and curvBS, for the minimum espenditure, it may bo conaidor- 
ably reduced. 

Article No. S3 of ttiu general regulations governing the conetrnc 
tion of all railroads in the Republic <if Mexico, gives the Company 
tlie right to make euch ehnngea in the line of locatioa as the;r may 
deem proper and usetiiL It is very ealdDru that a railroad is con- 
atracted witlioutsomQ modification of the original location. 

In tlie examintiou and locution of the Hue as above deacribeJ, Col, 
Goray, the Comminalone* rcprepenling tlic Moxicnii Government, ex- 
pressed bis surprise atfindin^ - ' ill' mJ in'^icticabte a rnuto, 

Mrticulnrly in goiug thraugli 1l:' ! ■ ' ' ' " I i liy far the miMt 

difficult portion of the whole llin . i ring difficnttlee 

Uiere are not one-tenth part i-- !i<<~i' in the pat^ses 

thmnRh the Chi^aihuites and '■'■■ '■■ - M mh. i i- ..n llie "Vera Cruz 
and City of Mexico Railroad," iif n liii:)] In- is ui^'ii the Got 



Tlie w^;oa or carriage road, which it is in contemplation to com- 
plete pretiouB to the Qonetructloa of the railroad, will servo not only 
as an auxilary tn the latter, but He a means of developing tlie resources 
of the Islbmus ; and the Cnmpnny will as much as possible avail itself 
of the expenditures whicli have lUready been made fur that purpose. 
The location will be aa follows : — 

From Minatitlan lo Cosuliataque. Ilieoce to Sayuln, theuce passing 

i miles west of the hacienda of Almngro to Pavious Monteria, 

thence to Hargonaana on the south aide of tbe Jultepeo river, thenctt En 

I -Torti^aa, thence to l^arobia, thence to Aatieua Hacienda, thence to 

T the Ahuaioya and Otate, thence to Cluvela, thence to the Rio Verde, 

thence to Han Gornniinu, thence to the city of Tehuantepec, dience lo 

■ ■ totoldst 2 

d to ear d h necessary ; culvarta 

ptc, Torlugas, Puerta, 
c lup Aim c, Torrenta de Oni- 
n rs to be bridged with 
one abutments, and 
feet, and the road 
width of at least IS 
te f this portion of the 
with which tho railroad 
p t npon tho efficiency 

traffic of material nnd 
j^ w perceived that the 

I lailroad takes the valley of the Almaloyo, while the carriage road 
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passes over the plains of Xochiapa, and through Nisi Conejo pass dis- 
tant from the railroad-line s^ime live miles. It may therefore oe foand 
advisable on further examination, and in order to facilitate the opera- 
tions of constructing the railroad, to change the route of the carriage 
road from the plains of Xochiapa to the valley of the Alinaloyo. As a 
preparatory step toward the commencement of the works in rl^ovember 
next, we made a pretty thorou^^h examination as to the condition of the 
wagon or carriage roac^ from Suchil to the head of shoal water navigation 
on the Goatzaeoalcos(l)5^ miles above Minatitlan), to Salina Cruz. We 
found it a good deal chocked up with under-growth and fallen trees, 
more especially between Taso de la Puerta and ^)uchil, where for the 
middle portion of this distance we could not make our way throngh it 
on horseback. 

Some considerable f>rading will be necessary at various places alon^ 
the route, and particularly in repairing washes over the Xocbiapa hills, 
and through the Chivcla pass. 

I have estimated an amount not to exceed ||41>^^» which will be 
amply sufficient to place it in fair running order. 

] laving completed our labors on the Isthmus in the inspection and 
location of the railway and carriage road, the Mexican Commissioner 
returned with me to the eity of Mexico, where he wrote to the 
Minister of Interior, reeoininending the loi'ation of the railway and 
carriage road to th({ approbation of his (rovernment. 

I also wrote the Minister of Interior the following letter: 

•• Mexico, June 28th, 1870. 
Sr. 1). Blas IJalcaiukl, Ministro de Fomento. • 

Sir: In the name of the Teiiuantepec Railway Company, I haye 
the honor to present to you the .following maps, ]>lans, and pro- 
files, made from the surveys of Generals Barnard and Sidell, showing 
the location adopted by the Comiumy, of its proposed railway and 
carriage road. 

1st. A large and complet-e topographical map of the Isthmus of 
Tehuantepcc, showing the line of location of the railway and caTriafi;e 
road, as adopted by the Teliuantept^c Railway <-om])any, with a profile 
of said location on the same map. 

2d. A profile from Miiiatitlan over the Atlantic Plains to the 
Jaltcpec River. 

8a. A profile from the Jaltepec River over the middle division to 
Rancho de la Martar, at the base of the mountains on the Pacific 
Plains. 

4th. Profile from Rancho de la Martar over the Pacific Plains to 
Salina Cruz. 

5th. A certified copy of the original topographical map of the 
Barnard and Sidell surveys, from Mmatitlan to Salina Cruz, now in 
possession of the Company, showing the line of location of the pro- 
posed railway and carnage-road. 

The whole made pursuant to the 5th, 6th, and 1th articles of the 
concession of Jauuary 2d, 1809. I, therefore, respectfully solicit your 
approbation of the same. 

I have the honor to be. 

Very respectfully, your ob't ser/t, 

J. J. Williams, 
Chief Engineer Tehuantepec Railway Co. 

These maps, plans, and profiles, accoinpanied with a complimentary 
letter bearing the approbation of the Mexican (rovernment, and show- 
ing the hearty co-operation of the Minister of Interior, w^erc returned 
to me, in the city of Mexico, on the 4th of .July, 1870. The next 
morning I left for New York, where I arrived on the 2l8t, and on the 
22d of July, delivered them all to you, at this office, having suc- 
cessfully accomplished the principal object of my mission. 

I desire to mention that much of the success, which attended me 



on my recent expedition to Tehuantepec, is due to CoJ. Eduardo Garay, 
the Mexican Commissioner. 

As your instructions directed me to obtain as much additional 
information as possible, bearing on the subject of the railway across 
the Isthmus, I take occasion to say that, notwithstanding all that has 
been said and written about Tehuantepec, I do not think that the 
Isthmus has yet been fully described. 

In the first place a map should be made upon which can be laid 
down the coast and lateral railway lines which may be built to act as 
feeders to the main trunk line, across Tehuantepec ; and in order to 
do this the plan should include on the west as much of the States of 
Vera Cruz and Oaxaca as will take in the cities of the same names ; 
on the east, the States of Tobasco, Chiapas, and a portion of Guate- 
mala bordering on the Pacific ; upon such a map should be projected 
the following connecting or branch lines: 

First, a road should start at or in the neighborhood of Soledad, 
a station on the Vera Cruz and city of Mexico railroad, about twenty 
miles from the former city, and run down to the lagoons connecting 
with the harbor of Alvarado. This piece of rcjad, which might be a 
branch of the Vera Cruz and city of Mexico railway, would be about 
thirty miles long, and, as I am informed, almost on a dead level the 
whole distance. 

The next should commence at or near San Nicholas, a hacienda on 
the San Juan River, at the head of steamboat navigation, about forty 
miles by water above the beautiful city of Tlacotalpan, thence by the 
valley of the same river fifty miles to the town of Paso San Juan, 
thence by the same valley, as far as it goes in the proper direction, 
thirty-five miles to Hargousana, on the Jaltepec Kiver, there join- 
ing the Tehuantepec Railway. This line would be composed of 
eighty -five miles of railway and about seventy miles of inland navi- 
gation, and pass by the very doors of the cities of Alvarado and 
Tlacotalpan, and without the necessity of going on the Gulf at all. 
A good line may also be continued from the Valley of the San Juan 
over an easy profile to Minatitlan, thus connecting the whole of the 
interior Atlantic slope of Mexico with its rich possessions on the 
Pacific coast, by way of the proposed railway (acting as a fuonel) 
across the Isthmus of Tehuantepec, and, without exaggeration, pass- 
ing through one of the most productive regions in the world. 
To give you an idea of a portion of this route, I will mention that Col. 
Garay. the Mexican Commissioner, and myself, when on our way 
down the San Juan River in a canoe, estimated about 10(),000 head of 
splendid cattle in this valley ; but on our arrival at Tlacotalpan, Mr. 
Schleskie, one of the oldest, wealthiest, and most respectable inhabit- 
ants at that place, informed us that we were entirely below the mark, 
as there were at least 500,000 head in that and its connecting valleys. 
In the construction of the road this will be an important item. 

The second branch railway should start from Rancho de la Martar, 
or from the point where the trunk line will enter the mountains from 
the Pacific plains, and run easterly down the coast, over nearly level 
ground, to the harbor of Tonala, and continue through that part of the 
State of Chiapas bordering on the Pacific, to the frontier of Guate- 
mala. 

Such a line as this would put the Tehuantepec Railway in direct 
communication with one of the richest and most beautiful countries in 
the world. I am informed by intelligent gentlemen on the Isthmus, 
who live in Chiapas, that that State alone produces on the Pacific 
coast annually about 5,000 bales of indigo, 5,000 bales of tobacco, 
50,000 arobas of sugar, 5,000 bales cacao, 15,000 bales india-rubber, 
6,000 bales cotton, 6,000 sacks coffee, 50,000 hides, to say nothing of the 
corn, ginger, vanilla, sarsaparilla, and the immense amount of Brazil 
wood and other valuable products, all of which will be sent to market 
over the Tehuantepec Railway. And then, too, the entire population 
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and product H of thi' Pacific 8lo{>«, for some two hundred miles east 
and wi'Ht of the Isthmus, would find the same outlet to market; 
I and when tlie Vera Ouz and C<ity of Mexico Railway is completed, 

■ would be placed in direct and easy commuDication with the Capitol 

; and the whole interior of the Republic. 

The third lateral railway should start on the Pacific const in the 
\ State of Oaxaca, at or near the outlet of the valley in which is situated 

the city of the same name, and run down to the harbor of Huatulco, 
i thence* to Salina Cruz, to connect with the Tehuantepec Railway. 

This would place the whole silver mining regions of the State of 
Oaxaca, as well as the city itself, in easy communication with the Gulf, 
coast, and the city of Mexico by way ot the Isthmus of Tehuantepec. 
Th(^ ^reat advantages of the proposed tributary roads are their 
extreme feasibility and the comparative ease and cheapness with 
which they can be constructed, the ground over which they would 
pans, for tlie greater portion of the distance, being nearly all level 
plains. 

The above, ti^cther with what has been said by General Barnard, 
in his report, pages I'M) to 142, ought to convince the most sceptical 
that the lonil hnsiueHH alone would make the Tehuantepec Railway a 
paying investment, to say nothing of the through trafiic, from which a 
very large income may be expected with reasonable certainty. 
1 have the honor to be, 

V^ery re8j>eetfully, 

J. J. WiLLIAMS, 
Chief Engineer Tehuantepec Railway Co. 
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Report of J. J. Williams, Chief Engineer of 

the Tehuantepec Railway, on the Subject 

of a Ship Canal across the Isthmus' 

of Tehuantepec. 



ENGINEER'S OFFICE, 

Tehuantepec Railway Company, 

174 CHAMBERS STREET. 



A'/^w rorA; September /O, f870. 

Esq., President. 

Sir : PiiranaDt to yuur inxtructioiis, 1 prnceeded tu the IsthiauH of 
Tehaiintepee, in company with Col. Eduardo Garay, tlii? lleiican Com- 
missioner, for the purpose (if estnblisliiug the lucation of the line of 
the Tehuantepec Bailwuy. Tlioae instrucliona directed me ajBO to 
obtnin av mach additional informalion as time would l)erniit regarding 
the feasibility of b Ship Canal. I herewith submit my report, and 
ties; to mention that I have oficertsined facts, which, in my opinion, 
ou^ht deBnilely to settle thi question of its proper Incatiou. I caa- 
sidfr Tehuantepec the proper place for an, Interoceanic Ship Canal, for 
the foUoviu; reasons: 

Finl. No tunnel will be reqnired on the entire route. 

Second. It will require no very deep cuttings. The summit reach 
of the Cannl may bo about five miles long, througli a nearly level 
pliiin, with a depth of cutting but little more than sumcient to contain 
the water to pnss the ships. 

Third. There is a large extent of contiguous territory with an 
elevation above the summit, which, it is believed, onbiins streams 
that will affurd wat«r suflioient to supply the summit level. 

AecoT'ding to Moro's survey, the natural aupface of Iho ground at 
the summit of Tarifa <a 684 feet above the sea. The tnwn of Tarifii, 
5 milei north of this, is aouiewhat elevated, in the midst of ground so 
level that in the runy season it becomes inundated, nir, which 
reason this pliiin has been called the Lake of Tarlfa. SeGor Moro 
took odvanUge of this circumstance to save the trouble cf a new line 
of levels between the Intter place nad the pass of the same name, 
since the line indicated by the wntera subsiding clearly showed that 
the tn'o poiDte< were nearly on the some lev^. CorisequGotly, it is 
nscertalticd that, wiih a cut of a few feet at the summit of the 
pass, the waters to the south of the town of Tarlfa would flow toward 
the Pacific, whilst those on the north side naturally mu over gently 
d^cendiog gromid, as fur as the floatiocoalcos, on tbeirwa? to the 
Gulf. 

The Railway, as located, erDsaes the Almaloyo River sis miles 
north of Chivels, wliich pntnt is on the same level with the summit of 
Tarlfa— hence it has been suggested tlmt the waters of the Almoloya, 
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and of tlio other BtroamB to the west of Tarifa. might be brought \ff 
trenclifs to th«' summit level of the canal. 

Th«' foa>«n)iHty of ohtaininf^ n supply of water from these aoorces 
involve:^ only a (juoRtion of cost to be compared with the cost of 
briiii^ins: water from the (*hicapa and Ostuta on the east of Tarifa. 

Tlu>n' irt Hcarcoly a doubt that, from thpse combined sonrces, t 
sufficient ({unntity of water can be obtained to supply a ship canal, 
estimutin^ its highest jirobable requirementfl. Possimy either source 
would ffivc Ruilicicnt. 

The BtrcaiuR on the east of Tarifa, from which it is proposed to 
briii^ th(> water by mcaiiR of feeders, to the summit level, are the 
Chicnj)a and Ostuta. On the former, at a place called " UlHtM 
Rancho^ the elevation is also on the same level with the summit 
at Tarifa. A short distance higher up. the river forms a cascade 
of about 2:i feet. In making the surveys to solve the problem of 
the water supply for the summit, it will be advisable first to make an 
accurate survey for a base line of operations to which all Uues for 
feeders should be referred. For this purpose I would run a transit 
line from the mouth of the (Hiicapn, where it enters the upper lagoon, 
following up the west bank of that river to the west of " ia Venta de 
Chicapd" thence to the ** Rancho de Agua eKcondido" thence to the 
summit of Tarifa, thence across the plains to the town of Tari&y 
thence down the valley of Tarifa River to its junction with 
the Chichihua, thence to the Malatengo, on a total distance of 
50 miles — tlie estimated Icn^h of the artificial canal. Over this 
line I would run very accurate levels, at intervals of 100 
feet, taking hlj^h tide as a reference plain. Such a line as this would 
show the exact height of the ground above high tide in the la- 
goons for every lOO feet, for the whole distance from the mouth of 
the Chicapa over the summit, down the Tarifa and Chichihua rivers 
to the Malfttcngo. Such a line would form an excellent base of ope- 
rations, and Would probably demonstrate the practicability, by deep- 
ening^ the summit cut, of bringing the whole volume of the waters of 
the Chichihua to the summit level of the canal ; in which case the sum- 
mit reach might possibly be made as much as eight miles long, and 
thus avoid the necessity of bringing feeders from the Chicapa, Ostuta, 
Citune, or Almaloya rivers. 

Lateral transit and level lines should be run from Tarifa through 
the pass of Convento to " Ultimo Raucho*" or to a point on that river 
high enough to allow its waters to flow through a trench to the sum- 
mit at Tarifa. Eye and instrumental examinations should then be 
made to ascertain the practicability of uniting the waters of 
the Ostuta with those of the Cnicapa, in order that tiie two 
volumes might, if required, be poured into the summit level 
of the canal. Transit and level lines should also be run from 
Tarifa, by way of " San Tiago" and the Chivela Plains to the railway 
crossinjLj of tlie Almaloya. ior the purpose of accurately testing its 
devntion, as determined by former surveys, and the practicability of 
running a feeder from this point through the "Timbon" range east 
of the Almaloya to the plains of Tarifa, and thence to the summit 
level of the canal. It will tl)us be seen that there are no less than 
four principal rivers, the waters of which, in the absence of instru- 
mental surveys, it is reasonable to calculate, may be brought, if neces- 
sary, to the summit. 

As Principal Engineer of the Commission under General Barnard, 
while making explorations and a survey for a railroad across the Isth- 
mus in 1851, I took occasion to examine the dividing ridge over 
which Moro had made his surveys for a ship canal in 1843; and al- 
though 1 did not pass over the entire route as surveyed by Moro for a 
ship canal, still 1 was at Tarifa, the summit, and on the most difiicult 
ground over which he proposed to construct it, and I think I am safe 
in pronouncing the route, as surveyed by him, the most practicable of 
any yet explored, and it is very doubtful if any other will be found 
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with like good harbors at each terminus, that can be built for less 
money, or be of more general benefit to the world, notwithstanding 
the often quoted opinion of Rear Admiral Charles H. Davis, as ex- 
pressed in his late able literary report to Congress on the subject of 
Interoceanic Canals. 

As the only objection that can be made against the Tehuantepec 
canal is the number of its locks (estimated to be from 60 to 68 on each 
side of the summit, depending .upon the depth it may be thought 
necessary to excavate the summit cut), I will mention here that each 
lock of the Caledonia Ship Canal cost upon an average, 40,000 dollars. 
This amount, by 136 the greatest number estimated as required on 
Tehuantepec, would give a cost of 5,340,000 dollars. The cost of the 
Caledonia Canal, exclusive of the locks, was $152,000 per mile. This 
amount by 173 — 50 miles of canal proper and 123 of slack water navi- 
gation, both estimated at the same rate per mile to be on the safe side 
— would give $26,296,000 dollars, and with the cost of the locks in- 
cluded, $31,636,000 as the total cost of a ship canal across Tehuante- 
pec. This is estimated precisely on the basis of the Caledonia Ship 
Canal. See statement in the Encyclopedia Britanniea, 7th edition, 
vol. 19, page 750. 

To show that the nimiber of locks r-equired on Tehuantepec is 
very far from being an insurmountable obstacle in the way of the con- 
struction of the canal, I append to this report a table marked " A " 
showing the length, height of lockage, and number of locks on some 
of the principal canals in the world. In view of this I would ask any 
civil engineer, however able and practical he might be, supposing the 
canals mentioned in the table to have been built with an amount of 
lift varying from 188 to 3,129 feet, and with locks numbering from 28 
to 398, if he can reason himself into the belief of the impracticability 
of the Tehuantepec Ship Canal, provided, of course, that there is 
sufficient water at the summit. 

Suppose we take for example, the Chesapeake and Ohio Canal, with 
its 398 locks and its height of lockage of 3,129 feet, who will say, with 
the before-mentioned advantages in view, that a canal across Tehuan- 
tepec, with one-third the height of lockage and less than one-third 
the number of locks (provided, of course, there is no lack of means), 
cannot be constructed of twice its width and three or four times its 
depth, or sufficiently large to pass ordinary ships. 

It may be necessary, to provide against a scarcity of water in the 
dry season, to construct storage reservoirs and double transit locks on 
each side of the summit level, as far down as the feeders furnish a 
supply. But it has occurred to me, that in the event of the govern- 
ment surveys finding an abundance of water for the summit level, that 
the advantages of making all the locks double transit might be worthy 
of consideration. It would probably enhance the cost over the single 
lock system about 60 per cent. The side walls would be nearly 
the same for a double as for a single lock, and the increase in c«st 
would mainly consist in foundation and in the construction of a mid- 
dle pier or partition-wall dividing the lock into two chambers. Some 
of the advantages of a double over a single lock canal would be : 

1st. It would materially shorten the time of the passage of vessels 
from one ocean to the other, for the reason that they would not be 
required to wait for each other at the locks, thus greatly increasing 
the business capacity of the canal. 

2d. In a single lock canal the whole of the lockage water used 
passes oflf at once into the lower reaches with its attendant abrasive 
action, whereas, in a double lock, in some cases, only one-half of it 
would be used in raising ascending ships. 

3d. It would be a double security against the detention of vessels 
on account of locks getting out of order, for the reason that if the use 
of one was suspended for repairs, the opposite one could be used. 

4th. The additional faciUties, over a single lock, which it would 
offer to the present commerce of the world, in the speedy and sure 

2 
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tranBlt of ships, would induct' ati incr»iee of trad? between tbe two 
oceaaa wMch it wonld be difficult to eatimate.. CDinmercial traffic in- 
cressas ^reoUy in proportion to the Inoreaae of fneilitiea offered in 
transportitiou and in the inverse ratio of tbe time of IratiBit. 

It shoHld be borne in mind, in conaidpring double transit loclia, that 
it will not be required to tDBke the excavations for the oanal an; larger 
than for the aingle lock Bvalem, ae the reacha on tbe loiter arc aeces- 
aarilj made BOfflcieutly wide for ships to meet and paas each other. Tn 
other worda. Ihe increase of cost will mainly oonaiat in making a single 
into a double lock, by muans of a diri^on nail, dividing the locks into 
two chambers, thus giving Che canal advantages analogooa to a double 
track railroad. 

Snch work as thia should be carried on 
with the tnognitude of the enterprise, tl 
the advancement of modera engineering bi 

The nait point which claims attention is liarborii and the capacity 
of the rivers for ship navigation. 

First, with regaru to tlie Goatza coal cob. The fact of there being no 
delta at the mouth of the river, and the constancy of tbe depth upon 
Hie bar, (&om 12 to IS feet. -depending upon the winds and tidca), 
which has remained uncbanged. according to the history of the 
oountry, for nearly three centuries, proves that it has attained its 
ngimai. and indicates that any improvement, by deepening the chan- 
nel to 18 or 20 feet, may he relied on as permanent. This being dune, 
large ressels could, with sume inexpensive improvements of the upper 
part of the chaQDel. ascend the river ;j4 uiiW I have seen ships 
opposite Minatittau, 20 miles up the river, loading mahogany, from 
rafts alongside. 

The Uspanapa, also a large river, empties into the Ooatzacoalcos, 
some sixteen miles above the Qnlf, and is navigable for vessels for 
some 20 miles or more above its month. It may, therefore, he said 
that we have, now, on the gulf side of the Isthmus of Tehnantepec, 
at the terminus of the proposed railway and ship canal, two rivers, 
the united lengths of which will form a harbor of over 60 miles in 
extent, sufficient, to say the least, to accommodate a very large number 
of ships, if not enough for the whole commerce of the world. 

As to the harbors on t1ie Pacilic, the lagoons can be made into one 
of the best in the world. Boca Barra, the outlet of the lower lagoon 
to the sea. can be deepened to the reqaired deptti by dredging and 
by utilizing the outward curreuta, and a cliannel dredged through 
them, where the depth of water is not sufHcicnt. to the scmthern ter- 
minus of the railway and canal, on the north side of the upper lagoon, 
or a chnnnel, some two and a half miles long, may be out and dredged 
across Ulema to the upper lagoon, at some point between Boca Barm 
and Huaxoiitluu del Mar. 

A few of tbe large steam dredges, such oe were used on the Suez 
Canal, wonld easily do the work. In other words, if Mons. Leaseps 
can excavate and dredge his canal some lifty miles through the 
lagoons and sands of Arabia, we ought, certainly, to find no difficulty 
in deepening the lagoons of Tehnantepec. 

The route of tbe canal to connect the Atlantic and Pacific harbors 
would cottunence on the gulf side at the foot of tlie island of Taca- 
mtchapa, tlie head of present ship nnvigaUun, S4 miles from the GulF, 
and follow the meuiiderlngs of the river by means of locks and dams, 
or slack water navigation, 123 miles — about tiO by an air line, upon 
which it may yet be thought advisable to make an artificial canal — 
to the moutb of the Malatengo. The fall of the river on this distance 
ia 130 feet, or a little more than one foot to the milo, mostly above the 
Sarabia, requiring only 13 locks. From the mouth of the Malatengo, 
where the proposed route of the canal proper commences, for 30 nmes 
by way of the Malatengo. the valley of the Chichlhua and Tarifc 
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lafrrHina, the Ml if 660 feet, requirio? nut to exceed 6S, is all 

' 130 locltB, This number may be considerably reduced by cutting 

down the Bumniit. For instance, if it sbould be thought advisuble to 

I cat down the sanimit 60 feet, it would maliB a. saring of 12 looks, in 

whicli casD the total nnmber of loclcs vould be reduced to IIS — 69 on 

I t!ie Atlantic and the same number on the Pacific aliipe. 

lost difficult portion of the canal to be built is embrn"ed be. 
1 tweentheMaltttengo and tbefoot of tleinonutaina on thePacili/ [jlaina, 
"id is only about 35 miles long. 

In the constnictian of a great vorlc like this, the health ut I be c!i- 

ate is of the utmost importance. The route upon which the heaviest 

orfc IB to be done, extuads moetlv through a piney wondB region, 

everywhere noted to be healthy. In fact, history for three hundred 

, years has deinonatratei) that TeliQnntepec is much mure healthy thun 

any other Isthmian route. 

For more full inforniation aa to thu henlih of the climate, I refer you 
to Geoeral Barnard's Report of 1S5'2, pages 1H2 and IIS. 

The Isthmus belongs, in its greatest part, to the State-of Oaxaca, 
which has a population of 600,01X1, and Iho rest to the State ofVera 
Crux, which has 3<>0,000. and is bounded on the east by the State of 
Chiapas, which has 200,000. In these three States alone, from 8,000 
to 10,000 good and hardy acclimated laborers, who are superior in 
atrongth and morality to the Chinese, can be bad for less than 00 
cents per day of H hours, and they board themselves ; and besides 
from these suarces, labor, tn any extent that can be utilized, may be 
had from other parts of Mexico, 

This great enterprise itself would then give work to thouHBods of 
the EODB of that Republic, who are now without employment, and 
therefore restlasa. 

According to your plan, the dimensions of the canal are assumed to 
be snfiidenlJy large to allow ships drawing 18 feet of water to pass 
safely, but where ships of a greater draught arrive at either tetnuQUB 
to go through the canal, a pert of their cai^o can be taken out and 
run across by railroad and restored on the atbur Bide of the IstJirans. 
Thus the railway will not only be of great use in the construction of 
tha canal, but will forever be a valuabh) auxiliary. 

The USB of the lagoons as a harbor woald probably save a break, 
water and reduce the cost of the proposed railroad over the route to 
Sallna Cmz, say one million dollars, or enough to open Boca Barra. or 
the canal across Tilema, as may be thought best, and make the lagoons 
a good harbor. 

The TebuBntepec Ship t'nnal, above all others, is the one in which 
the United States is the most directly interested. It debouches into 
tjie Qnlf of tlexico, our own Mediterranean, and, it may almost be 
said, right at onr very doors 

It is alleged by reliable statisticiana, that the United States alone 
loses S9,DOO,000 dollars every year for the want of it— thus giving a 
principal of nearly six hundred millions of dollars, one-hnlt of which, 
at least, onr government could afford to expend in its construction. 

It is only neeeBsory to loiik at a map of the world to be convinced 
of the immense relative ndvaoti^es in position, above all others, 
which a ship canal across the Isthmus of Tehuantepec woold offer to 
the commerce of the world, and more eapeclalty to that of the United 
States. 

By this route the products of the valley of the Misaisaippl may bo 
shipped from the gulf ports direct for China, Japan, west coast of 
NOTth and South America, and the islands of the Pacific, and the im- 

Krts from these countries may be brought homo to the porta of Texas, 
iw Orleans, Mobile, PonBacola, atid from thence tranfhlpped to Mem- 
phis, Cairo, St. Louis, Louisville and Cincinnati, and be distributed 
throughout the Southern and Western States, even to the frontier of 
Britlah Auienca, at one-third the cost of transpurtation of the same 
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articles by the Pacific Railroad. In a word, the completion of the ship 
canal across Tehuan tepee, will not only open a direct ontlet from the 
Gulf of Mexico and the Atlantic to India and China, but also from 
the Mississippi River and tributaries, whereby the sea going vessels 
plying upon those waters will be able to proceed with safety to any 
port on the Pacific. Thus giving to St. Louis, the Queen city of the 
West, and the whole valley of the Mississippi, direct water communi- 
cation with the Pacific side of North, Central, and South America. 
In a word, the completion of the Tehuantepec Ship Canal would be the 
opening of the mouth of the Mississippi River into the Pacific Ocean 
— another world of waters. 

The following statement, condensed from official tabl^, shows the 
saving to the trade of the world, in insurance on vessels and cargoes, 
profits on time saved, interest on cargoes, saving of wear and tear of 
ships, saving of wages, provisions <fec., by using the Tehuantepec 
Canal. 

United States $35,995,980.00 

England 9,950,348.00 

France 2,183,930.00 

Other countries 1,400,000.00 

Total yearly saving $49,530,208.00 

If the trade increases annually ten per cent., or one hundred per 
cent, in the next decade, the saving to the world will then be double 
the above amount. 

As the annual increase of the trade of Great Britain, France, and 
the United States, is, together, more than ten per cent., the saving to 
the maritime powers of the world of $49,530,208.00 in one year, at 
the end of ten years will be $99,060,416.* Assuming the trade only 
of the three powers to increase in the same proportion, the aggregate 
total amount saved, at the end of ten years, will be over seven 
hundred millions of dollars. 

Suppose the average tonnage of ships to be 1,000 tons each, then, 
as per the tables in this report, 3,049 ships would be requisite to carry 
the freight which would now annually seek the Isthmus route. 
Abert, estimating for Darien or Panama, makes the* annual saving for 
each ship $15,420.00, giving as the aggregate saved upon the tonnage 
which would pass the Isthmus the sum of $4'7,'709,480 ; and the sav- 
ins of one year, at the end of ten years, would be $95,418,960, sums 
sufficiently near the first to establish their correctness. 

Again, bj'' a comparison of time and money, in the passage of a 1,000 
ton ship from New York to California via Cape Horn, with what it 
would be by way of Tehuantepec, it is estimated! that the saving on 
the ship and cargo would be 13,300 dollars, or 13.30 dollars per ton, 
against a toll not to exceed 2.50 per ton. Allowing the ship to make 
but four trips per annum, of 46 days each, via the canal, it would 
give a yearly saving of 53,200 dollars. Deducting 10,000 dollars, the 
toll on the four trips, there results a net annual saving on a single 
one thousand tons ship, of 43,200 dollars. 

Whale ships and coasting vessels have been estimated generally 
at forty dollars per ton. The United States and European commerce 
around the capes, is conducted in first-class ships, which often cost 
eighty dollars per ton. Fifty dollars has therefore been taken as a 
fair average value, in the construction of these tables, which do not 
include coasting trade nor the trade of any of the powers of the 
world, except England, France, and the United States. 



* See Report of S. J, Abert, C. E., entitled " Is a ship canal practicable?" 
t Vide " Engineering," London, Vol. V., first half yearly. 
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Trade of England which would pass through the Canal. 



Countries traded with. 



Half of Mexico 

Half of Central America. . 
Half of New Granada. . . . 

Chili 

Peru 

Ecuador 

China ) 

Java V Outward only. 

Singapore ) 

Australia 

Sandwich Islands 

California 



Tonnage. 



>• • • 



Value of cargoes 

Total tonnage , 

Value of ships at $60 per ton. 



Total value of ships and cargoes , 



1,029,295 



Exports and 
Imports. 



11,833 
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118,311 


15,486,110 


244,319 
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1,820 


360,015 


68,530 
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16,003 


3,821,410 


16,500 


4,364.070 


522.426 


78,246,095 


1,950 


520,660 


11,800 


2,378,105 



139,184,834 

51,464,760 

$190,649,584 



The value of the tonnage which would take the Tehuantepec route 
is, according to the above tables : 

United States , $92,874,250 

England 51,464,760 

France 8,136,760 



$162,475,760 

Total Value of Exfoets and Imports taking the same route is : 

United States * $198,168,937.00 ' 

England 190,649,584.00 

France • 67,210,609.00 

Total value of trade of the three powers 
passing the Isthmus $451,029,132.00 

Estimated Tonnage to pass through the canal : 

United States 1,857,486 

England ... 1,029,295 

France 162,735 

Total tonnage 3,049,515 

Upon the above tonnage, the yearly income, at $2 per ton, would 
be $6,099,030.00, which is the estimated annual gross receipts from 
tolls upon ships belonging to the United States, England and France. 

This calculation does not include the United States coasting trade 
on both oceans, nor the trade that might be expected from the other 
nations of the world not mentioned. 

The amount of $2,500 toll, now charged on a ship of 1,000 tons, 
on the Suez Canal, would increase the above estimated yearly income 
on Tehuantepec, to $7,626,000.00. This amount based upon the 
yearly ten per cent, increase would double itself in ten years. 

In 1860, the maritime movement between Europe alone and the 
East, by way of the Cape of Good Hope, amounted to 7,250,000 tons. 
The ascertamed rate of progress would give for 1870 a total of 
11,000,000 tons', one-half of which, at least, would pass through the 
Suez Canal, and possibly a fifth by way of the American Isthmus. 
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Tailing these facta into consideration, and bearing in mind that 
none of tiie trade of the Western Hemisphere is included in Uie 
11,000,000 tons, it remains for commercial men lo Bay whether or not 
we me correct in estimating nn annual amoanl of 3,000,000 tons aa 
tlkely to pais through the American hthmue. 

I have the iionor to be, very respectfully, 
your oliedtent eervant, 

J. J. WILLIAMS, 
Cliief Engineer Tehuantepec Bailway Co. 
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